/S-Cyanoethylhydrazine, Enaminonitriles, Cyanoethylation, IR Whereas /3-cyanoethylhydrazine (1) reacts with the /?-ethoxy-a, /3-unsaturated nitriles (2 a-c) to yield the 5-amino-l-/?-cyanoethylpyrazoles (3 a-c), 1 reacts with anilinomethylenemalononitrile (2d) to yield 3-amino-l-/S-cyanoethyl-4-cyanopyrazole (4; R = H; X = CN). 3a readily cyclised into the 5-amino-6,7-dihydropyrazolo[l,5-a]pyrimidine derivative (6) by the action of ethanolic guanidine. 6 was readily converted into the oxo derivative (7) by the action of acetic acid. 7 was also obtained by the action of 1% NaOH on 3a. Pyrazolopyrimidines are purine analogues and as such have useful properties as antimetabolites in purine biochemical reactions 1-4 . Moreover, many compounds of this type also have marked antitumour and anti-leukamic activity [5] [6] [7] [8] [9] [10] . In previous work 11 - 12 we described the reaction of ß-cyanoethylhydrazine (1) with malononitrile, phenylazomalonitrile and benzoylacetonitriles to give 5-amino-/?-cyanoethylpyrazole derivatives. The latter compounds were cyclized into 4,5,6,7-tetrahydropyiazolo[l,5-a]pyrimidin-5-ones with acid or aqueous alkali 11-13 .
Pyrazolopyrimidines are purine analogues and as such have useful properties as antimetabolites in purine biochemical reactions [1] [2] [3] [4] . Moreover, many compounds of this type also have marked antitumour and anti-leukamic activity [5] [6] [7] [8] [9] [10] . In previous work 11 - 12 we described the reaction of ß-cyanoethylhydrazine (1) with malononitrile, phenylazomalonitrile and benzoylacetonitriles to give 5-amino-/?-cyanoethylpyrazole derivatives. The latter compounds were cyclized into 4,5,6,7-tetrahydropyiazolo[l,5-a]pyrimidin-5-ones with acid or aqueous alkali [11] [12] [13] .
We have been particularly interested to see if reactions of this type might be extended to include more general synthesis of differently substituted 4,5,6,7 -tetrahy drapyrazolo [ 1,5 -a] pyrimidin es. It has been found that 1 reacts with the 3-ethoxy-2,3-unsaturated nitriles (2a-c), in refluxing ethanol, to yield the 5-aminopyrazole derivatives (3 a-c) or possible isomeric 4 a-c. Structure 4 was readily eliminated since the reaction products of 1 and 2 a-c could be obtained by the action of acrylonitrile on the 5-aminipyrazole derivatives (5 a-c). That cyanoethylation of 5a,b has involved ring N-l and not ring N-2 or the excocychc amino group was assumed by analogy to the well established behaviour of 5-aminopyrazoles on cyanoethylation [11] [12] [13] [14] [15] [16] . In contrast to the behaviour of 2 a-c toward the action of 1, treatment of 2d with the same reagent under the same experimental conditions has afforded the previously reported 3 -amino -l-ß-cyanoethyl-4-cyanopyrazole (4; R=H; X=CN).
It has been previously shown that the vinyl ether moiety in 2 a-c is the most electrophilic center in the molecule 17 -18 . Now, although the substituted nitrogen atom in 1 might be considered the better nucleophile in the reaction under consideration 11 - 19 , it is also the more hindered nitrogen atom and reports have appeared in which the reaction products of alkylhydrazines with electrophiles seem to be diverted exclusively from initial neucleophilic attack by the unsubstituted nitrogen of the hydrazine 2°-22 . Since the reaction site in compounds 2 a-c is also more hindered than that in 2d and in ethoxymethylenemalononitrile (2f) (cf. the reported behaviour of 2f toward the action of 1 in ref. 11), the difference in behaviour between 2 a-c on one side and 2d, f on the other side might be justified.
Compound 3 a was cyclized by the action of guanidine in ethanol solution to yield 5-amino-3 -cyano -2 -methyl -6,7 -dihydropyrazolo [ 1,5 -a] pyrimidine (6) . The latter when boiled in acetic acid for a short period was converted into the corresponding keto derivative (7) . Compound 7 could be also obtained either directly from 3 a by the action of 1 % NaOH or from reaction of 5 a with ethyl acrylate.
In contrast to the behaviour of 3 a, attempted cyclization of 3 b with guanidine was unsuccessful. 
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The behaviour of 2e toward the action of 1 was also investigated. Similar to its behaviour toward hydrazine hydrate 23 , 2e reacted with 1 to yield a product for which structure 12 or isomeric 13 seemed possible. Structure 13 was readily ruled out since the reaction product could be readily cyclised into the pyrazolo[l,5-a]pyrimidine derivative (14) . The latter when refluxed with acetic acid-hydrochloric acid mixture afforded 5-aminopyrazoline hydrochloride (15) . This product, 15, could also be directly obtained from the reaction of 12 with acetic acid-hydrochloric acid mixture.
The reaction of 3 a, b with CS2 was investigated as a route for the synthesis of l-/?-cyanoethylpyrazolo- 
Experimental
All melting points were determined on a micto hot stage and are uncorrected. The IR spectra were recorded with a Hitachi grating infrared spectrophotometer Model EPI-G27. pyrazoles (3 a-c) 1) From reaction of 1 with 2a-c: To a suspension of each of 2 a-c (10.0 g) in ethanol (80 ml), 10 ml of 1 were added. The reaction mixture was refluxed for three hours. The solvent was then removed under vacuo and the resulting sohd products were triturated with water collected by filtration and crystallized from the proper solvent. 2) From 5 a-c and acrylonitrile: A solution of each of 5 a-c (2.0 g) in pyridine (80 ml) and water (20 ml) was treated with acrylonitrile (1.0ml) and the mixture was refluxed for four hours. The solvent was then removed in vacus and the remaining residue was disolved in hot water. The sohd products, obtained on standing, were collected by filtration and identified (m.p. and mixed m.p. and by IR) as 3 a-c, respectively. Yields were 80, 80 and 70% respectively.
5-Amino-4-cyano-l-ß-cyanoethyl-3-substituted-
Reaction of 2d and 1: The reaction conditions described above for the reaction of 2 a-c with 1 were adopted. The reaction product was identified (m.p. and mixed m.p.) as 3 -amino -1 --cy anoethy 1 -4 -cyano-pyrazole 11 (4; R=H; X=CN).
5-Amino-3-cyano-2-methyl-6,7-dihydropyrazolo-[1,5-a]pyrimidine (6)
To a solution of 3 a (2.0 g) in ethanol (50 ml) one equivalent of guanidine was added. The reaction was then left at room temperature for 60 hours. The crystalline product, so formed, was coUected by filtration and crystalhsed from dimethylformamide 10 yield 1.2 g of compound 6; colourless crystals m.p. >300 °C; IR: 3350, 3320, 3100 cm -1 (NH vibrations); 2200cm -1 (conjugated CN) and 1660cm -1 (NH2 deformation).
C8H9N5
Found C 54.64 H 5.18 N 39.97, Calcd C 54.84 H5.18 N 39.98.
3-Cyano-2-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]-pyrimidine-5-one (7)
1) From 6 and acetic acid: A solution of 6 (0.5 g) in acetic acid (10 ml) was refluxed for four hours. The solvent was then removed in vacuo and the remaining solid product was crystalhsed from water to yield 0.15 g of compound 7; m.p. 256 °C; IR: 2200 cm -1 (conjugated CN) and 1690 cm -1 (ring CO). 2) From 3 a and 1% NaOH: A suspension of 3 a (2.0 g) was treated with NaOH solution (50 ml; 1 %). The reaction mixture was refluxed for five minutes and the resulting solution was kept at room temperature for three hours. The reaction mixture was then neutralised with hydrochloric acid and the solvent was removed under vacuo. The remaining sohd product was dissolved in little hot water and left to cool. The crystals, so formed were collected by filtration and identified (m.p. and mixed m.p. and by IR) as 7, yield 0.9 g.
3) From, 5 and ethyl acrylate: To a solution of 5 a (2.0 g) in pyridine (30 ml) and water (10 ml) ethyl acrylate (2.0 ml) was added. The reaction mixture was then refluxed for three hours. The solvent was then removed in vacuo and the remaining solid product was identified (m.p. and mixed m.p. and by IR) as 7, yield 1.0 g.
Reaction of 3 b with 1 % NaOH solution: Compound 3 b (2.0 g) was treated with 1% NaOH solution using the experimental conditions described previously for reaction of 3 a with 1% NaOH. The resulting reaction solution was evaporated in vacuo and the remaining solid product was triturated with water and left to cool. The crystals so formed, were collected by filtration and crystalhsed from water to yield 1.0 g of compound 8; m.p. 271 °C; IR: 2200 cm -1 (conjugated CN) and 1690 cm -1 (ring CO). Acidification of the filtrate offered 0.3 g of compound 9; m.p. 145 °C; IR: 3450, 3380 cm -1 (NH2 vibrations), 2800-2400 cm -1 (OHdimer), 2200 cm" 1 (conjugated CN); 1700cm -1 (carboxyl CO) and 1650 cm -1 (NH2 deformation). Compound 9 was converted into 8 in a 80% yield when refluxed with acetic acid for five hours.
Compound 8 could be also prepared in 60% yield by the action of ethyl acrylate on 5 b using the experimental conditions previously used for reaction of 5 a with ethyl acrylate.
2-Methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a] -pyrimidin-5-one -4 -carboxylate (10)
A suspension of 3c (2.0 g) in NaOH (50 ml; 1%) was heated to boiling and then left to cool to room temperature. The reaction product was then neutrahsed with hydrochloric acid and evaporated in vacuo. The resulting solid product was dissolved in little hot water and left to cool. The crystals, separated on standing, were collected by filtration and recrystalhsed from water.
Compound 10 formed colourless crystals m.p. 277 °C; yield 1.0 g; IR: 3100 cm -1 (NH vibration); 2700-2400 cm -1 (OH dimer); 1720 cm -1 (carboxvl CO) and 1700 cm -1 (ring CO). Reaction of2e with 1: The experimental conditions previously described for reaction of 2 a-d with 1 were adopted. The resulting reaction solution was evaporated in vacuo and the remaining product was triturated with little dilute hydrochloric acid. The solid product, so formed, was collected by filtration and crystallised from water.
12: grey crystals, m.p. 225 °C, yield 40%; IR: 2260 cm -1 (unconjugated CN), 2200 cm -1 (conjugated CN). 
Action of AcOH on 12
A solution of compound 12 (2.0 g) in acetic acid (20 ml) was refluxed for thirty minutes. The solvent was then removed in vacuo and the remaining sohd product was triturated with little water and collected 10 g filtration.
Compound 14 formed colourless crystals from water, m.p. >300 °C; yield 70%. IR: 2200 cm -1 (conjugated CN) and 1650 cm -1 (ring CO). 
5-Amino-2-pyrazolin hydrochloride (15)
A solution of compound 14 (10.0 g) in acetic acid (100 ml) was treated with concentrated hydrochloric acid (20 ml: 37.5%). The reaction mixture was refluxed for one hour and then evaporated in vacuo. The remaining sohd was triturated with ethanol collected by filtration and identified (by m.p. and mixed m.p. and by IR) as 15.
Compound 15 was also formed when 12 was treated with acetic hydrochloric acid mixture under similar conditions.
Reaction of 3a,b with C82: A mixture of each of 3a,b (5.0 g) pyridine (50 ml). CS2 (20 ml) and DMF (20 ml) was heated under reflux for 10 h. The solution was then evaporated in vacuo and the remaining sohd product was triturated with dilute hydrochloric acid. The reaction product was then collected by filtration and crystallised by dissolution in DMF and gradual addition of water.
1 -ß-Cyanoethy 1 -4 -imino -3 -methyl -6 (7 H) -pyrazolo [3,4- 
Rearrangement of 16 a, b by sodium hydroxide
A solution of each of 16 a, b (5.0 g) in 25 ml of NaOH (0.05 N) was heated at 80 °C for 30 minutes. The reaction mixture was then cooled to room temperature and acidified with glacial acetic acid. The reaction solution was then evaporated in vacuo and the resulting sohd product was dissolved in little water and left to cool. The sohd product, so formed, was collected by filtration and crystallised from water.
Compound 17a formed pale yellow crystals m.p. >300 °C; yield 4.0 g; IR: 3390 -3300 cm" 1 (NH vibrations). 2260 cm -1 (unconjugated CN). Compounds 18 a, b were also obtained in 75 and 80% yields when 17 a, b were treated with 1 N NaOH under the same experimental conditions used above.
l-ß-Carboxyethyl-3-substituted-4,5,6,7-tetrahydropyrazolo[3,4-d]pyrimidine-4,6-dithiones (19 a, b)
To a solution of each of 17 a,b (2.0 g) in acetic acid (20 ml), 3 ml of HCl (37.5%) were added. The reaction mixture was heated under reflux for 1.5 hours and then evaporated in vacuo. The remaining sohd product was triturated with little water and left to cool. The solid product separated was collected by filtration and crystallised from water.
Compound 19 a formed pale yellow crystals; m.p. >300 °C; yield 1.2 g; IR: 3450-3350, 3190 cm-1 (NH vibration); 2800 -2400 cm" 1 (OH dimer) and 1720 cm -1 (carboxyl CO). Compound 19b formed pale yellow crystals; m.p. 300 °C; yield 1.0 g; 3460-3365, 3200 cm" 1 (NH vibrations); 2800-2400 cm" 1 (OH dimer) and 1715 cm-1 (carboxyl CO). 
